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First-Principles Study of Palladium—-Based Catalysts for Molecule-Surface Reactions
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Abstract of Thesis

This thesis explored the Pd-based catalysts for gas—surface reactions through the first—-principles approach
based on density functional theory (DFT). We showed how to tune the adsorption energies of specific
atoms/molecules and the reactions, and/or provided the insights of such physical phenomena at the atomic level.
We explored two categories of materials compositions. The first category is the Pd alloyed with inert transition
metals of Ag and Au, which has the application of protection against specific chemical species. The second
kind is the Pd alloyed with similar electronic structure element of Pt, where we study the change of the
preference of surface compositions induced by the reaction, which contributes to the understanding of the

interplay between the stability of the catalyst and the ongoing electrochemical reaction.

For the first category, we demonstrated that alloying Pd(111) with the inert transition metals of Ag could
suppress the nitrogen atom and NH binding energies on the surface, while at the same time almost retain the
hydrogen atom binding energy. Similarly, NH formation reaction where hydrogen atom moves over a silver atom
along the reaction path has increased activation barrier. Extending our study from the flat surface of (111)
facet, we investigated the CO adsorption missing—row reconstructed surface of (110)—(1X2) of Pd, Au, and
Pd;Au. We found that, as we move Pd atom on the surface from the ridge to the trough site, the CO adsorption
on Pd is progressively weaker. At the optimal deposited site of Pd atom, the Pds;Au surface has almost the same
inert property of pure Au surface. In other words, we demonstrated that the surface corrugation provides extra
protection against CO adsorption. As an example, these findings have the potential to be used for membrane

for hydrogen separation.

For the second category, we studied the interplay between ongoing reaction and the surface compositions of
the catalyst. In particular, we investigated the preference of surface compositions during the oxygen reduction
reaction (ORR) on the Pty /Pd(111). The clean Pt-Pd/Pd(111) has a moderate tendency for Pd to segregated, which
is qualitatively agree with the experiments that this surface is stable at room temperature. On the other
hand, the surface under ORR at the high electrode potential regime showed the change in surface compositions
from Pt:Pd = 100:0 to Pt:Pd » 60:40 in the experiment. The common species of ORR at high electrode potential
regime, the adsorbed 0 and OH species, showed different preference surface compositions, in which the former’ s
preference is closer to the experimentally observed composition. Through the atomistic thermodynamics with
inclusion of the electrode potential, we explained the preference of O-induced segregation over OH-induced
segregation, which shows that there must be an accumulation of adsorbed oxygen at the high electrode potential
regime. Furthermore, the binding of the oxygen on the surface also weakened the nearby Pt—-Pt bond, which allows
surface atoms to be easier to desorb, which contributes to the surface segregation phenomena. The study

contributes to the understanding of the durability of the catalysts in the field of electrocatalysis.




#k X7
FEEOMEOEF R UOHYH

K 4 ( CHANTARAMOLEE BHUME )

() K 4

F* & (M) DINO WILSON AGERICO

Bl (Hiz) AR R
AOCEEMNE | B A (Hiz) UNSEZSSSS

gl 7 (##2) T,

Bl (Fiz) fir] 358 1

gl 7 (F~O#H2) HFH (EREZHEEE - Z—)
WXBEOERDOES

KiHSCiE, BFAr— L TOERHEHE « E~=t 2L —ya LV OBLE D, PdAERE L OfBLR IS4 54— 55
ARG LD Th D, FHIL, REMK - &L= RINF—F AT 77 AOBRIZEER L, YrERG
BLORIGHEREMIA~DREE2 5 2 T 5, FFIC, Ag & Au O XD RRESRALAEBEB TR LMEICHLS Pd A4
%ﬁﬁm\%E@%%¥k®%éiiw¥—ﬁk%<ﬁ9¢5:&%%%WKL\%ﬁ%@%%%ﬁﬁﬂ%?%é
TLERLTWVWD, HICREFNPERICGZIHEL LT, BROERTHMOLNL TV, %%fiﬁﬁ(mm
STHREND PA-Pt AEMEBEORERIT 25 U, T O LKA REMK - EEL 2 R E S HHIC
T2,

FE—E T, Pd OKFFRAEN NH WEIZL > THILT S Z L2 RIT, Pd GaFE O & SR & OBIfR
ERHNTNWE, Y alb—va UERMNDS, PAU11) RIS Ag%lwfé Lizk D NEBEONH O 5 AN &
. FO—F HWEIZOWTIREN 2 EICE EEDHZ L ERLT WD, Fio, Ag BEEIZE>T, £m ETOH
PEHUZ & D NH TR D TEEALIERE DS BR300 R 2B 62 L, AeRmERI#E OB E 2R L T\ o,

BB T, Pd OKFEFRAEDN CO WAIZL > THILTH Z L AHRIT, Pd GaREOHE & SSERME & OBR
EHANTVD, YIalb—va U ifRND, M(H@*Oxmﬁ%%%ﬁ Au % BV L72RICOWT, C0- Pd &
TXNX—|ZHHELRERRY A MEEERDHDHZ L ZH O L TW5, Ridge site 2>5 trough site ~E 1795
EHIT, CO- Pd A = 2L ¥ — [ ZEEBERICAR < 72 0 | FRIC trough site BTk, #ll Au RKifi & IFIFRERICARTENME & 72
LZLEAMLTEY, AR nEEREOEEELERML TV D,

=TI, Pt Pd £l L TO ORR 23 Pd ORMERITAFHE T 25 2 & 2B 2T, SRE T TOREME DT
JLF— ﬁmﬁ%ﬁ«fwéo/\1v~vH/ﬁ%m5\Mﬂﬂunﬁﬁi\w@%%_;oprM~@w0@ﬁ
REMENLEE 2D, 0 DWAHIZ L > TPt:Pd ~ 50:50 DI FEIMMENLELRDZ LERLTND, KT, 0%
EROERIT, BEROFERTH D PL:Pd=60:40 OREMBIZEEILIZfEEZ R L TWD, I 61T, 0WENKE TOD
Pt-Pt A2 TR ERAM L, Tl Pt JFTOBBNEH IR D ATREELER L TR0, BE-FREMHEA
EHZ R LV THET 2 EEMELZER L TWD

ED X5, Kia Mmd%iuwkféAémﬁHﬂ’owT KM « HEZ T A7 — /L Ty =t al—
N9 D 2 & OFEICEERRILZ 5 2 . ME o E g EE WM 7205 - BRFSAIFSEIC 380 2 SR an L 2 #2415 2
HLDOTHD, Kif @ﬁ%x#~wwﬁﬁ%@@ﬁ%£%ﬁ%®%#ﬁﬁ CHESWTToT2bDTHY . EORE
1%, Pd BEMBEORFHIMMBEO H 5% 52 57200 Tl IS, MiEhEE, %ﬁﬂ%&kw%m\%
WKL R Z B 2 2O EWIETH D, Lo T, Kim T E#HCE LTHED 5 H D & 3R




